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Commercial Space Industry Launches a New Phase

Summary

Rocket s, satellites, and thegeeevnmesnst s heyr or ovi
increasingly launcheodwmend cmamprdghello bgh ppdonrndsepace
fir msc ohnatvreaictthe df ederal agencies sirwcdaghadespnset o
Uu. S. governmentt op slpiuay nhlansd vsa o w ghid¢oxapna ncdoisntgs t h e

rolbds satellite manufacturers and commercial 1 aur

Global spending on space activity reached an est
nearly 40% was generated ky vicmme ramida 13 7s%p dge cpma
infrastructure and s uppo—+itncilnudduisntg ineasg ¢ nlchaed¢ sUs. eSc. u
antdhNeat i onal AeronauticsNASNAa Spacvret Ad mii mi1 sd b awti oh
global ;speadnmgnt keendownapt bricesspto hei bbemafarng 10

The satellite and launch vemakl ensmpepd yofhmamsf a
In 2015, global satellite manufacturing revenues
reveG@uweund -stthaet iloanrsgest part of t h-eg ecnoemrmactrecd al s p
more than $100, blialrlgieolny ifnr orme vgeenouleocat i on and nav

The fadle Spfactethe ndustry is changing fwixtehld aprgowe r 1
contracts for commercial services, new heent rant s
use of smaller satellites:

e NAS’A commercial cargo program and other federa
growth of the commetdceisasl elxpremchl omedwLtkrest,s wi t h
which are pl anMandy tof btehrere dnmestwe bkl prcaoccep ani es ar e
attracting faemnwtsimeg daepietl &l

e AggressiveU.pSrnitcriammgt sbyis cutting into the 1intern
ondoeminated by .foreign providers

e Arenewed I oovesrdactset] liint es arseomenadbewhiediggh t o
in one hand,angse pafipoospdaodtg dacgenswbility to
spabcye educational ins,famntdutiinadns, duamdl rebeaircdseg e

order to spur hienmowanteiren adnd parcewtilm,duts t ry ha:
ulated fromradmeetgcwpadspphi ©dd tNoe voetrht ehre liensdsu, s t r
ee broad federal d sfuetsraeowiddvalfdpment heOnadus
er ai oamnedg umlaanta gtelm@ m¢ r e s p o n sdiibsipleirtsieeds acnuornrge nntal ny
nandsthere 1s comgorigmgoiozma I c i fiaul ne csapi aochess Sn A

he Departments of Degafned s&t, 8 tCeoanmd ricses uélrias stp
t UW. oS .wheixcpharrhea mp alit. rSmade 4 ldiutset riyn s El por tabr oad.
orlesc chnetelay revamped to enable expoarntd of mor e
baag i mpediments may remain to redstablishirt
concern 1is thtatonme W ofidenddorsgauld mCtoimommusn i aclal o wi n
ess communi c astpicocnp rparvo wiudsel rys adteedli kclntteeed t o
mmay ironssul t . The i md mmifpsd sceiethper ebast i nue studyin;
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Introductio

=)

Rocket s, satellites, and the services they provi
increasingly 1launcheowmend cmoalimpatagnelide SOy 2p r it vhaet Ul S .
government |l avacmmdr aldl cpayllb.aShadnlcht wswebrble, an
manufacturers produced vehicles only under contr
Administration (NASA) oDONX hhM tDepfa rtthme mtatoefl 1Det feesn
into oowntdwdbrye U. S. or forNoiygoampeorver almema ylagadac i
genetabhyhed by parnilveattpea yplrooavdisd etrhse,ms el ves are 1in

owned by prQfv atthee en¥tbietdi.eSsa:t el 1 i t e8s6 cwierrree nltaluyn cihne dc
for commerci al reasbalabhdofinotdhedemil@ users.

—
=
a
(4j]
—

owth of the commercial space sector 1s a r
Commercial Space?sltaattheeshf &aktt owifng 984

[T]he UnitedStates should encourage private sector launches, reentries, and associated
services andpnly to the extent necessary, regulate those launches, reentries, and services
to ensure compliance with international obligations of the United States and to firetect
public health and safety, safety of property, and national security and foreign policy
interests of the United Statés

Tht [ aw was amendetdh#itne 2100 gu It aot pmry vsitdendards govc«
fligehvtol ve asméaharendsstthat regulations neither
nor expose crew or aspaickalflla grhits lpsaras ctilpangwbltioc

greater safety for crew and ¥pace flight partici
National nsceiceusr ihtayv ea geemphasi zed the i1importance of
particular the °Bopafcoes tienrchusttesroirganleo rvixtahsad .ts pace i ndu s
purposely been insulated from some ndywsatsr ioefs fede
For example, the Commercial Space Launch Act dir
regulations affecting the design and operation o
crew, thereby giving |1 amarcdt orcshiwildcde mamafayx tiunr ed
rocket s Ane dlmeiatrind Mfgepghhiod 1 imited regulation h
extended, most ®recently until 2023,

The Commercial Space Industry

Global spending on space3abitibiogy rna2be¢ed. a®fesh
nearl yagdedr®e rwat ed by commer ci al s phraycemmarodiualt s an
infrastructure and gaypoeowmnealnuddiisnagnmdmeisli. o tiflzhdey U. S .

1 Union of Concerned ScientistdCS Satellite Databaséttp://www.ucsusa.orgliclearweaponspaceweapons/
satellitedatabase#viewed October 25, 2016.

2P.L. 98575
3P.L. 98575 82.
4 §2(a) of Commercial Space Launch Amendments Act of 2004 (CSLAA),108492

5 Department of Defense and Office of the Director of National Intelligevatonal Security Space Strategy
(Unclassified Summary), January 2011, phifp://www.defense.gofortalsl/features20110111_nsssfocs/
NationalSecuritySpaceStrategyUnclassifiedSummany2011.pdf

6Theinitialeighty e ar “l earning period” was enacted in CSLAA and mos
Launch Competitiveness Act of 201%.L. 11490.
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s e c uargietnwen & sNAaScA ounatkadutf ok4d % of glgotvael nmpandi ng,
spending by tohteh erre mead nni tnrgi els0 %.

The commercial space 1 Mbseg mmy rphaayallodaidsstpil mocte ds u bns e

or bairtoundbsiffantch vdhitchasvees baepdéhkkasityhpttaral 1 vy,

the firms that provide desm@mar @ ntahl ea kraoecmkbelitess etr hvei yc e
launk®h pa,slhheaddsasandt md hne¢ds sapraec emacnaupfsauclteusr,ed by
firSmesr.vice proeidersiOnubhoadctasters) may design
satellites, or ppuarrcthya snea nfluhfeancgtfuoraemrdstak t wdhind w0 1 a n
communicate witwhitdhhk fparymhoandsi ntegra,l maytbeof th
opedabyg the launch services, the . payload owners,

Satellites

The satellite swiptphl ya cshnrailnl insu ngbledrie dolif i tneasr udme t wu s
made f or utshienpge c uas k,r swhdi cpla xtesquusiive testing to ens
operate in a space envldrecrpmmantarwhegrderambmlbagc emmd n t
there are a limited numbeplofchacketdehdtnabes ace
satellite Tdunbhtwwnddww is missed because of pr
may be manygv emeabrehfsmrodgrh®@unehicle will be availabl.
satellitMi ninmioz ionragmidthph ynaissalf di metneail dwys e 1is cr i

]

i
i mp o rbteacmatu,s ¢ heavier or bigger satellites are 11
roc keStSHQG L dbws a rangtte blfi txdsntd hegosr wepghding f
objects that approximate the same mass.

The United States 1s the largest manufacturer of
Russia. The global commer ci a6l bsialtleilolni tien, nraenvuefnaucet
attempted 86 2@hnschaesecnafityi n@f t hese, 126 were
22o0ufd9 kiloEhemgpowing use of these smaller s af
number of s atHolwleistemasl [learwcrocapeetd ispegtretsi on of t he mas
vehicles s ©OfBt92i ttomss pafcs:aatellites launched in 2
under 22 pounds ®%was barely half a ton.

Regardl s sassmd ¢tt yhpactgeInleinthd d yze s icmimpometmytpe anaf
instruhdXQHE i(nchadfall owi ng:

e O6RODQHE®BVner at e e lsetcotrreide iithil Fdibbddkld PiIEBSOH EDWWHULHV

e ASURSXOVLARQuUWDRNAhe and orbit control and assist
into f; nadWWBWWHULM with atnhde ye bthatewader s
move the sanewWwdtowhrédwitnhes suvasteefluliitled De 1 s over,
“erav&8ogyrabatdt h€r away from Earth

o 'KHUPDOIFRQWWRKOI n t hat prevents damage to the 11
extreme tempeSattairess pas s ptalcreough a wide range
ranging f£B00MmoatBb&FOA€@ertain componentas, such as b
optimum operational f Fhigeek ionf caobmopuots e+d5 00°fF t o + 8

7 Space FoundatioThe Space Repor2016, p. 16.
8 Ibid., p. 17.

°James Wertz, David Everett, and Jeffrey PusSpacel |, “Spacecr
Mission Engineering: The New SMABpace Technology Library, HawthorneA 2011), p. 686, Table 22.
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mul t itlhaeyremra Imabdbeh n k& g h trwefilgeghc t i ve cdaatmsd I
or mirrored opmay abe swdad,s rkelfiltehcd oradi at
componentrrshedadtaims gtloer ener gy and radiatio

o An HOHFWMUR @Q/lbAM sraotle 1 1 i tseu cfHulnacg itonesper ati ons,

n
or
n

addi t
to

t he

direction in which the satellite points, and m

e AFRPPXQLFDWLRQV WiVWHRr ¢ c a DQWMHOQBmW A t a

to and receive instruanidonn fmphhggbdundhatatpro

power radio frequency signals.

e Specializedardeo tmpome meodr eb ymitshsei o nF oorf t he s at
example, a ¢ amentikihtehsdaganatmhgegecspa,s oand
digital camera.

Figure 1.Typical Satellite Components

Tracking
and Control
Antenna _-Earth Sensor
Tower Structure 7
& o AntennaFeed -
Antenna Subreflector — 5 W ~ <

Thermal Blanket

Optical Solar Reflector -

Antenna Reflector p—
Communications

Panel Electronics

Solar Array -
Wave Tube Amplifier

~ Spacecraft
Control Electronics (SCE)

- Batteries

Stationafy

_ Propulsion Tank
Plasma Thruster  Thruster

Source: Image courtesy obpaceSystems Loral (SSIhitp://www.ssimda.com

Satellites are placed into different types
or bmetd,i um Earth orbit, geosynchr)dXyld Haet h

el li

of Ea
or bi

altitude of thhoew ofrrbeiqu ednettleyrt mtihtechsS phesrctcfpds off bi

space activities require closer proximity t

o Ear

highesolution images aofh&arth. spPabersoomoeratef fe
services. The I at(elodSou,i exalmpIpgacd sSin |1low Earth
minutes for a full orbit, gvdhaodyeynahteldklvitsalomi @0 r
full day. A satellite 1in e oasoytmcth roommoa tsshpoerebdi,t sma
types of satellites, it wildndemannt hatrhdeher & apne o

same | ove avthia drboenri t o itnegl ecommuni cations .
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Figure 2. Earth Orbits

ision Broadcast

Source: CRS.
At t he endloﬂlDunat%ﬂ)ltB;es were 1in operation, w1
geosynchronous orbitand/ % hen rneindadilned eEra ritnh hoirgbhi tE a
576 are U. S. satellites, 140 Russiat, SI181 Chines
satellites, 286 are commercial? 146 military, 13

LaunSehr vi c¥ehaaldes

The commercial launch industry booked $2.6 billi
rocket Il aunches. Of thleasaeegd 8Bajlamadth wisntsacaerlsistf.u
l aunchrmsi ed ¢ o mmaenradi acla rsraiteedl lgiotveesr nment payl oads;
has been etsottianla gcbodsbtash aotfa unc he s ,afnodr nriolmmearrcyi aplu,r pc
(includigtgle)$1iwni Qi0d 5 we r'T haeb olrntS .$ 8G obviel rlni noenn. t
Accountability Office (GAO) identified three fac
industry:

e the NASA commercial cargo program and other fed

o aggressiveSpprcaecXlI nsgorthey ot her phi“mbtreregr oviders
price competitive comparijaddwith foreign |l aunch

e the emerging space touri®¥m and small satellite

Launch Services

A traditional spacepofradgmmblmentacs ichyaspwKednbgy
Cente@ape Canaveral Air Force Station (both in F
California). The ufseedle rtahle sggeo vfearcnimheintti elsa st or 1 ts o

10 pi.
1pid., p. 17.

12U.S. Government Accountability Offic€ommercial Space: Industry Developments and FAA Challei@g&e-16-
765T, June 22, 2016, pp.-1P.
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promotiamd et For ¢ o nmmecrSeswse.t as ppecevate providers of
have chosen to buTihled Ftehdeeirra 1o wAnv i falitAifblais tAilemsc .a n's ¢ d a f
1 & paceiproervtesn Csatla tfeoss mi a, Florida, T egaxnads ,NeOsk 1 a h o ma
Me x i®Cali fornand Fédwoasdaach have two licensed S pa
sites have been proposed in other states.

Spacearoer tcsonfigur edSdmea asmpecplfacnadesnl y to | aun:q
rockwehtisl e othesypakepd otuad ilsmr ewi th facifities for

Regardless of the type of launch vehicl,es using
including access for delivery of large Il aunch ve
inta launch vehicle; facilities for receiving an
rocket s ; secure facilities for stworkngpaargd,orpa
cCrews, engineer s, and 1 auncmhe npte rtsoo nmnoenli;t oarn dwemet the
patntsemprior to sfheduled launches.

TheSS% 1so increasingly offezrpardiecitstf adiens itgynpaetse do fa sl a
national l aboratory, a sharectfagtensomaustsdfsba v NAS A
robotitaanemhtomal dbrbatel imanyg-5afhtblenme2o0nllsSy, 44 2
small satellites, primarily with commercial func
deploymeaotindi®U.dSu.alc roervb intresgnd ewer @ ntdr ams ported t
NAS'A Space Shuttle fr omhw2t0t0l0e uwdaisn cre® iyt d when t h
has been resupplied by cdsmmormemearlc ilaalu nQ@rhbeist atlh rToru
Services ( C&ThSe) cpofSopgarnaenX biatnadl OAT K a ras pwaerltli caispant
launchhe Bygpan Aerospace Bupl Ruatiiam Spemazy r (ol AX

Launch Vehicles

Launch vehicles have the pri maorryb ifsuunbcatrliboint of put
trajdont drthye process of launchi afgalal saawacyl liint es, e gmoes

13 Federal Aviation Administratiorctive Launch Site Operatticenses September 17, 201Bttps://www.faa.gov/
data_researcbdémmercial_space_daliaénses/FAA licensing authority is specified in 14 C.F.R. Part 420.

“Richard Rogers, “Commercial Spaceports: Building the Foun.
Ne t woTR News (Transportation Research Boalhd)p. 300 (December 2015), p. 9.

15 Some launch vehicles are expected to be sHikdevehicles, suchai r gin Galactic’s SpaceShipTw
Nevada’s Dream Chaser.

16 Other countries with spaceports are Australia, Brazil, China, EU, India, Iran, Israel, Japan, North Korea, Norway,
Russia, South Korea, and Sweden. Space FoundatierSpace Repgr2016, p. 61.

17The ISS has been in operation since 2000 as a habitable satellite it h&€x rotating multinational crew o

conduct scientific resear@nd demonstrate new technologiR&\SA paysRussia $82 million foeach roundtrip crew

transport abaa Soyuz. NASA Office of Inspector Generd $6$V &RPPHUFLDO &UHZ 3URJUDP 8SGDWH I
Development and Certification Effort€-16-028, September 1, 2016.

181n 2005, Congress designated part of the ISS as a national labdanatoeyNASA Authorization Atof 2005 P.L.
109-155), §507.

BUNASA, “Deploying Small Satellites hRpsbwww.haSagpv? press releas.
mission_pagestationfesearchienefitstubesat

20 Federal Aviation AdministrationThe Annual Compendium of Commercial Space Transportatsary 2016, p.
36.

2In January 2016, NASA awarded a contr® Sierra Nevada Corporation to be third participant in its Commercial

Resupply Services beginning in 2019. NASA, “NASA Awards In
press release, January 14, 201t6s://www.nasa.gopfessreleasaiasaawardsinternationalspacestationcarge

transportcontracts
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until the s pspdemmagfiite orfeébarcshte ss tiatge of t he rocket
t he Ipaaudnaihd hteh ssetcaogned r v s kpeahyeltboma odalrabuintc.h ve hi cl e s
generally are ussadmeomimgronaet¢t, pabtvhdegh are devel
are intendedLIXUhearenvoabltygpeccadbntbaanthi veldicle,
Launch Alliance Atlafr ¥m I oyp—immwg lbuwda etmpo nfemltlso wi

e TheQRVH RBQBELU&LQJI t ramcittuhr ea macdi-hede gt ombnumr e
and graphite ecpaorxryi ecsMatohnef apgaffytl eoearde | i ent s a
choicee opfaytlhormed d€ piemidn g pnayt#&lecds ifmae rdfngt he
protepdylfordvdm at mpaseptshuaenegn d aer odynamic heating
during launch.

e Th eVHFRQWIRFNHIN i st s of fuel and,aonxdygaen tanks, c
rocket engine that carriiess prhep elalyd d abdy ta soirtbg |
RL (QeOnt aur engine andspkpaonwl dpmuwgifdeed 00 uel
1% f t,hrfwmsetled by 1liquid hhydweakbts aefidthéeéquid o
stainless isntseuellastiocadt hasinnda t hat t hey cannot suppor
weight before they are presseunrgiizneed, a design d
perfora@e atsaeucrond stage also iwmmpwmdessflight a
t hat automtormoolusallyl aspects of the f1ight

o $GHBWHUWnect the first andpseovode sthegstrattuhe
for housing vehicle electronics.

e ThelLUVW VWPiIHt s fofeladand ioeomuagden ,aadks, contr ol

rocket engines, s ome t-o me beoress p pl[lheameAnt tleads Wi t h st
boosmade of a special al-ttwontuinsn&stdr,u cutnulriaklel yt he
stable. The launch vehicle is fuelpd by rocket

and 11 qutihda to xpyrgoevnifd € 8 b 0O WS O0B OT hkeen g ne wa s
developed in RussiaRusndian pBodtucednbyra. U.S.

22The height of an Atlas V rocket with a short fairing is 196 feet; withedium fairing, 205 feet; and a long fairing,
215 feet. United Launch Allianchttp://www.ulalaunch.conuploadsdlocsAtlas500_Cutaway.pdf

23 The abbreviatiottbf representsqundforce. As a measurement unit of force, it equals one powriiplied by the
standard acceleration due to gravity on Earth

24 The Centaur is the name of the second stage rocket used on Atlas rockets; variations of it have been in use since
1963. Sedttp://www.nasa.goeentersglennabouthistorytentaur.htmlThe Aerojet Rocketdyne RL 10 engine has

been used for more than 50 years as the sestaige engine on many commi@l, civil, and military rockets. See
http://www.rocket.comil10-engine

25The engines are produced in Russia by NPO Energomash and sold by {Reis$igin joint venture, known as RD
AMROSS, a joint veture between Pratt & Whitney and NPO Energomashh8pg/www.ulalaunch.conféqsrd-
180.aspx
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Figure 3. Cross Section of a Typical LaunchVehicle

Atlas V 400 Series 3
Payload Fairing

Second Stage | /
Spacecraft
Centaur
T,

Payload Fairing

. ‘

First Stage M A 2

Atlas V Booster 4 \

/ ' N, . Centayr Launch
Conical Interstage

Interstage  Adapter

& \ Engine Vehicle
j\ Adapter
t s

Short Adapter
RD-180 Engine = Solid Rocket Boosters

Source: Image courtesy ofJnited Launch Alliancéttp://www.ulalaunch.corpfoducts_atlasv.aspx

Ground Systems

Ground ®ryes ttehbeo ubnadr tihn fr astrsderec ¢ i bhsttorsns miilidt
re cesidaeg a they collect

Ground sys DOMSHQOIX ¥Y¥HUAd¥lkFaHVs mi s si on madi oeception
frequemnciygi{dRefs)e has been oppé¢rchnmhecbdbmmimigcwt i bns
l asg,bmdost satellitethrcommhnREAt gmengalsBdMHAyzouising 30
3@igalGHyh 2 n®Asn.t enna services decode embedded dat
on for distri®Grtoiwmd asnedr vaincasl tyspnisimaths Smrte 1 1 it ¢
program and may -oowncel di daen dg echoerametrrecn ha assets to ma
satékcbmmanicati Ans adtehpadthtilsr et yuwintth cogmduawmcd statio
will mneed small edrasaamawmngtes tcdfa nombosapradecraft that
t o tr amtsomgtthoed®a d .

Ground f ac iXIViHtUi W bWhPiln€@i) @daen be handheld mobile t e
antefhom satellite tsdhlesxcia@i ohagrgatedd’poeatraddiosh

Ground syst e f@dWDlDBFFRXQWLRd &0 & HEYWWBISE RFHVVLQJ

servimeasaddition to data storage, these services
take action to re¥Fhesve sier ircoem t4hreeohlhtis @Hllyi taut o
systems thmdurdfdntchd oml ock with only occasional m

26 Australian Space AcademiRadio Frequencies for Space Communicathatp://www.spaceacademy.net.au/
spacelinkiadiospace.htm

’James Wert z, David Everett, and Jeffrey PusSpacel |, “Spacec:
Mission Engineering: The New SMABpace Tehnology Library, Hawthorne, CA, 2011), p. 879.

28 Satellites with continual links to ground stations are built with no onboard storage. Ibid., pp. 880 and 897.
29 Roger CochettiMobile Satellite Communications Handbe@® ed. (Hoboken, NJ: Wiley, 2015)p. 31.

James Wert z, David Everett, and Jeffrey PusSpacel |, “Spacec:
Mission Engineering: The New SMABpace Technology Library, 2011), p. 879.
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gl obal space economy continues to expand, the ne
ensure intaemomgstt abmsl iftrpuntdiifde reamd *cervice provi
Witbrm than $100 billion in revenue, ground stat
largest part of commercial infrastructure. Thi s

satellite phones and television,t hnearv ipgraotdiuocnt sc.hi p
Thregwarters of the revenue stems from geolocatio
Positioning Sysem (GPS) receivers.

Spa-Rel aRreraduc tSer winde s

Gl obal commercial space producrtesveandufel Sidnhei ces ge
space component of some of these products and se
users, who may—gu&kk sHme&PBHfanhed. The major c¢omn
incltihee foll owing

o &RPPXQLFDWLR® YaadpdviWdH PtVe d e gn 3 li © ap @ inrdtthfee m m
groundateo®l]liteothgdrotphwedon Tthoe saen si gnals may carry
cont gmretl eapsr oiggafichsi ght calls from airplane passe:
smartphone dation Sdtoamle]l iatce otuamlt svif-or al most a t
related comffercial activity

e (DUWK REYHUWEWIERQonmental monitoring of oceans,
wildlife habitats, and natur al disasters

e *OREDO DWPRYSWIRUdeKwdt a colmled¢ ctoeadl OEgekpl wuse to
predict we,htul ¢ ,acpkhl & sNirdinmeak s ® 1 1 water content
to assist in prediction of droughts and floods

e 7UDQVSRWWeDW bplr€dod iodc at i on s er vicees htacdg idegl i very ¢t
services and. their passengers

e 6DIHW\ HQKDQFHIPH&Waf i r st responders at oil spill
prevsternatin collisions with geolocation services.

Satelliterenadmomeataiveed al s e c uirnicllyutdpionhgp ok @unch of
missildet ecting nuclear explosiomucliewatrhde rgmdiynd
c ompl;i aanncde pgrloovbiade sjgasnt ant communications for str
dur icnogn fal i ct

Space launches are r1risky three of the 86 commer
2015 failed, resulting in the destruction of 1au
potential Il osses, insurancer ocloeveirna gehei sd elviekl eolpymet:
commer ci al space industry Worldwide space insur

31 Several international protocols have been implementeddhrthe Consultative Committee on Space Data Services.
Seehttps://public.ccsds.ordéfault.aspxibid., p. 894.

32 Space Foundatiofhe Space Reper2016, pp. 179.

33The U.S. satellite industrgomprising satellite manufacturing, telecomm services (including television, mobile data,

remote sensing), launch vehicles, and ground equipment, is estimated as having $208 billion in revenue in 2015. See
Satellite Industry Associatioigtate of the Satéke Industry ReportJune 2016, p. 5.
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2015, and insured 1 oss e¥Maejxocre eidnesdu r$e6r0s0 smuicl hl iaosn A
International Gr oupgmpVeutne cihn Rteh e amadr KAdtl.i anz ¢

Nonetheless, #merduwrtaedcea icksspppears to have 1 i mi-t
rocket owned by SpaceX exploded while on the 1au
the satellite 1t hwasFaprceoma 91 mg ctkoe tl avmmsc e pTor t e d |
owner of the sattdllihehdh$3WhG mitltleimpn i mfg coverag

pol*¥mayy not be applicable because the rocket exp.
and notheduwrcitmg lt 1 aunch.

New Entrants Change the Indus

Three devel opments are changing the shape of the
government space activities atnowarcd etabe uwsme pafi vad
finammidn @,n iinn ctrheeasleaeunc hTbhbhédésemahdngasececdtetenppor
devel opmwnetnofwnth new [ aunch product s.

U. S. Gover nment Redefines Procur ement

s NASA once owned the spacecraft produced
ses transferring risk by contracting out f
e hi es to cbmmechontecafitreditional procur e me
rie ed 7DpPH dapbands on tHWi tphr otghrea mc anmmesri wina 1 1 y
ppr NASKHgreas fomed prica cfoorrt rtahcet gsrerravsihceers phaeawmi d
sin

ddi

5 o 0 o
- —_ 0

g-pd me b h 0 dtohlaotg yr etihneb ucrometbkrlaocwaobrl ¢ e@xlgge nses and
tional payment to ensure a profit

nexample of the new approaolf ias ttpoo dtShiet s ment o f
ASA traditionally would hafve aprdiocewitd epapfmde@ntta i 1 e d
launchawdhfohdeNow,t howawedd,r oj ¢ cits dlwehfetl o p me nt

contractort hewhilaokt clobanmes ci al partner is expectec
mil estdrfesitt idsoepsp,i dj aeatd mdhees to i1its mnext stage.

ZO 20 <w®»

341bid., p. 20.

35 The satellite destroyed in the SpaceX explosion was built by rasdid Space Communication for Facebook and

Eutelsat; it was designed to provide Internet service teSsiitaran Africa. DanaHWlnd Julie Johnsson, “Spa
Explosion Draws Attent i on Insurancd JouwnalSepteamber2,2016. Roc ket Science,
%Il an Salisbury, “Elon Musk’s Space X TiRng September,2016.d Have Been

3" NASA has worked witlprivate companies almost from its inception, developing the first civil communications
satellites in cooperation with AT&T, Radio Corporation of America (RCA), Hughes Aircraft, and others. Roger
Cochetti,Mobile Satellite Communications Handbo@® ed. Hoboken, NJ: John Wiley & Sons, Inc., 2015), p. 3.

3NASA’s Commercial Orbital Transpor t aprivate partnershipusingthes ( COTS)
approaches iffable 1. SpaceX and Orbital LEO transportation systems were developed jointly: SpaceX invested 53%

and the U.S. government invested 47% for the development and demonstration of a commercial transportation system;

Orbital invested 58% and the U.S. government itecthe remaining 42%. NASAommercial Orbital

Transportation Services: A New Era in Spacefligtgbruary 2014, p. 95{tps://www.nasa.gositestiefaultfilesffiles/

SR2014617.pdf

Congressional Research Service R44708 - VERSIOR - UPDATED 9



Commercial Space Industry Launches a New Phase

Table 1. Distinct Approaches for Distinct Missions at NASA

Traditional Commercial -Oriented
Program Characteristics Approach Approach
Owner NASA Industry
Contract type Cost-plus Fixedprice
Contract management Primecontractor Publieprivate partnership
Customers NASA Government anchongovernment
Funding forcapabilitydevelopment NASA procures capability NASA provides milestonep
paymentsas agreed goals are
reached
1 $ 6 $ rdle in capabity 1$6% GHILQHV "ZKDWp ,QGXVWU\ GHILQHV "K
development approves
Requirementslefinition NASA defines detailed requirement: NASA definenly higherlevel

requirements

Cost structure NASA incurs total cost NASA and industry shareosts

Source: NASA,Human Exploration and Operations Mission Directorate

During the final years of the space shuttle prog
providers to develop systems that cotuhledsetranspor
was the SpaceX Dragon capsule and Falcon 9 rocke
2012. Last year, four ISS cargo launches were co
SpaceX. (Boeing and SpaceX artd omach phedvdliapiensg fI
uset hhen next )few years

New entrants are changing the economiscsenotfr yl aunc
into the launch marmOPewi phomedesp NASBSAsandnD it 1s
international launch market formerly dominated b
successful 1 aunBlhuees (arnidg irne lhaansd itnog sd.ate | aunched
that have returned to their launchpads.

Private Finamcing Increase

Sparcel ated®dimaehksitmrgi easdvanamage odf private financin
vent ur ed ecbatp iftimamaln @eaicg@ recei omng moirne stuhcahn $ 13 bil

g

nvesbmewtsn 20006candidfgldbo deurndG@sounp, resspach
rganization, this trend hasiGMihS% e dre2d.a3n gbdiSlolvieorn t h

i
0
i mparceel ated capitaal eicowals tI'hSeervte r Adr wend t hgabusin
ownegsome with tiesanoboriolmiactcoinmadVsad liewvelsdtiag i1in s
comp a*haisesare banks, inEtmpdit’FRhesemWic8od Eaport

sources have spurred thelnbetdbbtslimovrofyefirneg waa

39ncluding satellite, launch vehicle, and ground equipment manufacturing; sdtetiitel services such as television,
radio, and broadband; and data collection and analytical services. Tauri Gtantplp Space: Rising Investment in
Commecial Space Venturedanuary 2016, p. 2.

40 Of the $2.3 billion invested in spacelated companies in 2015, $1.8 billion was venture capital. Ibid., p. iv.

41 So-called space billionaires Jeff Bezos, Elon Musk, and Richard Branson have formeg sigae ventures. Large
companies such as Google, Qualcomm, AT&T, COota, and Monsanto are also investing. lbid., p. 9.

42 Ex-Im Bank has provided debt funding for satellite systems. lbid., p. 10.
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Commercial Space Industry Launches a New Phase

eight newespaweaevestwawablished annually, al most tor
in the e*Arclcyr2d@mEs to Tauri Group, investors finc¢
vehicle costs are forecast to dropdwntigh the use
reusabl,endobkeamsc¢cipbate the devel opm&nt of new
sucdhs s paca@nneow rsiastne]l 1 ite sources for collecting
space

Growing Deployment of Small Satellite:

The deveolfopmadtf ent Edtihesmagingbasnedd elsntaebrlnesthi r
net wor ks ifsimoomploE®@i ble because satellite componert

standardized. Groups of small satelfloirt esx aanmpd er, e f
has a constellation of 36 small satellites 1in or
captaiurdes s radims tEmirst chp ot shsainb b a t wi i ih g dkmsb*iStesme
observers argue thatvdaeamanldefmanréesta mmechsmal dr s a
the new t%chnologies.

Small satellites all ow oancpcaensiasensd og ostvheamwameantebyt sr € s € a r
afford 1 ar gecBre ssapaal ke ceraamfetlt riatved as a asmyondary pa
launch vehicles, launch costs maylbdoammlhy mulfdwl
small satellites may “He required for many purpos
The small s aatdedirldistsecadnmauthled r itehfa ts thhapear pt of isrunsc e e d
provi dbirmmadband, ,ore motmmuinmagits @wah sy viicersfly Spa
in Texas, Ro c k gatn dL aObn eiWe bC a Wh V4 & g8 ama h | satellites
l aunched on rockets with other, larger payloads,
launaheocket attached to the wing of a modified
into orbit wheesn atnh ea Iptliatnued er eoafc 3 5, 000 feet. Virgi
launch vehicle, using smaller rockets, will sign
into*®®orbit

“®“The availability of pri va tial spAce resbiraeg In 20063 NASA dhase Spac®XAS A’ s ¢ o m:
and Rocketplane Kistler (RpK) to provide future space transportation services to the ISS. In 2007, NASA terminated its

contract with RpK because the company was unable to raise enough private fundingnte ¢ctenvehicle

development. NASACommercial Orbital Transportation Servicd8ASA/SR2014617, February 2014, p. v.

44 Long-established aerospace firms are not part of the Tauri Group analysis, even if they obtain private equity

investments; new spacentares and capital directed to them are the focus of that analysis. The Tauri Gaotigp

Space: Rising Investment in Commercial Space Ventilaesary 2016, p. 3.

45 Small satellites are categorized as picosatellites (under 1 kilogram [kg]), ndlitesgtELLO kg), and microsatellites

(16100 kg) . CubeSats, which generally weigh less than 1.3 kg
hand. In the last 50 years, 38 picosatellites, 680 nanosatellites, and 860 microsatellites havmbtleet Worldwide.

Henry Helvajian and Siegfried W. Janson, e8mall Satellites: Past, Present and Fut{iE: Segundo, CA: Aerospace

Press, 2009).

%Clay Dillow, “Here’s why s hoatund August4,01%.i t es are so big righ

47Prateep Basup % LJ 'DWDY /HDS ,INQrtifern GRyURNSdAREN, October 1, 201t6)://www.nsr.comiews
resourceshe-bottomline/big-dataleapin-eo-markets/

““per ospace Press, “Small Satellites: P datppdiwwvwRerospacenrg/, and Fut
publicationsAerospacdooks/smaltsatellitespastpresentandfuture

“Samantha Masunaga, “Smal-oeaat dl ki pesdngalasdimébmyg?2®,, with down
2016.
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NASA is alsosaalduwlhktmg tsomaldld reesstsi osncsi eanntdi fbirco aqdue n
invol vement of s tlund e2nOtssth gal n¥d2 sracpseel alwact heekrys wi t h ¢ o m1
functions, were launched as car¥PNASA htahse 1SS for
announced that 1t wiltéchovodbwgbbesd apdmb-Wl CEbe 8ht
observing sa@tellite missions.

Commer ci aWo Slpfa®@ecé i nes

The space industsyecewmpthbiorsctiaompfinttmd ee2s woe kli ngs
at NMOMDanadt her gaoowgemimeenst.n cpruebadstiitcregnt i on gi ven to
commer cial b phat edsiicnhdlodsotamyynme r ¢ § p dwcoar nkdf ocricweisl ar e

declinimat, i owhaWwoeskfoaore¢eé¢y remain steady.

Co mme recmpallo y me n th e s ppaecack eidn dituns aZbO0yut 267, 000 e mpl o

has declined ¥Thka dti drymMA Sidc ieo pt aheedhr. ® P mmi2ed 1 1
resulted manpyrhes glcatsasr @Qtfdhbesr maj or reasons for the
industry e mpimeymedn kwohrhkye thse reachndgdrficelmenes a
recruiting® young talent

Jobs in this industry ,guesnhe raasl leyd griefigeueiernen gaadt vi anngc et d
freahmhe average U.S. madwufdlhgwuffpbgeeoFaosuadai ce
idensikieddustayl seacptpresk trhaatte t Berespuacefi hdbetr
StatisticsshoviBLS)ehpt a ysmexn tsdercatpoprdedis sieryl O hh® r s

f r o m5t23000 7D E QP

50 Federal Aviation AdministrationThe Annual Compendium of Commercial Space Transportaéomary 2016, p.
36.

5'NASA, “New CubeSats to Test Earth Science Tech in Space, ”
http://www.nasa.gopres releasalasaselectsinstrumentsto-study-air-pollution-tropicatcyclones NAS A, “NASA
Small Satellites Set to Take a Fr e ship/WwwwnksagoptesEart h, ” press

releasalasasmaltsatellitessetto-take-a-freshlook-at-earth The new satellites will reach orbit on @nbital ATK
Pegasus XL rocket

52 Bureau of Labor StatisticQuarterly Census of Employment anhges (QCEW)

53 The United Space Alliance was formed by Boeing and Lockheed Martin in 1996 as the major contractor for the
shuttle and the ISS. Séép://www.unitedspacealliance.com

54 U.S. Department cEommerce, Bureau of Industry and SecurBy,6 6SDFH ,QGXVWU\ 3'HHS 'LYH  $VVHVVP
Employment in the U.S. Space Industrial B&esptember 2014, p. 13.

55 These six categories also include jobs that are not in the commercial space industry. For, 8iei@plE834511

also includes workers in broader aerospace and nautical industries, so some of the decline in that category could have
been in those industries, not commercial space. Data from the Bureau of Labor Statistics (BLS) do not go into that
greaterevel of detail.
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Table 2. Space Industry Employment

(200B-2015)
Employment in Sector
Percent

Industry Sector 2005 2015 Change
Search, Detectiopand Navigation Instrumen{834511)a 155,492 124,578 -199%
Guided Missile and Space Vehicle ManufactBdg4 14> 53,316 55,825 + 47
Guided Missile and Space Vehicle Propulsion Unit and Parts 13,115 9,729 -25.8
Manufacturing336415¢
Other Missile and Space Vehicle Manufactu{@s$419d 7,423 5,309 -28.4
Satellite TelecommunicatiorfS17410e 16,349 8,633 -47.2
Space Research and Technol@@®87110f 18,371 17,293 -5.9
TOTAL 264,066 221,367 -16.2%

Source: Bureau of Labor StatisticQuarterly Census of Employment and Wages (QCEW)

Notes: Industry categories are based on the North Ameridadustry Classification System (NAICSAICS
codesare shownitalicizedabove

a. Manufacturing of search, detection, navigation, guidance, aeronautical, and nautical systems and instruments.

b. Manufacturing of complete guided missiles and space vehicles dadeloping and making prototypes of
such missiles and vehicles.

c. Manufacturing of guided missile and/or space vehicle propulsion units and parts and/or developing and
making prototypes of such units and parts.

d. Manufacturing of guided missiles and spestecle parts and auxiliary equipment (except guided missile and
space vehicle propulsion units and parts) and/or developing and making prototypes of guided missile and
space vehicle parts and auxiliary equipment

e. Telecommunications services provideddther establishments in the telecommunications and broadcasting
industries by forwarding and receiving communications signals via system of satellites or reselling satellite
communications.

f.  Government establishments primarily engaged in the administratidroperations of spaceflights, space
research, and space exploration, including government establishments operating spaceflight centers

The sdeat a do not codpfelwe thpadalindustry lwetlkfdodme. T
7DEGQHhclude both s pac®whaialdep h o yostplmeeréemarcgs i whao yar e
workisngarecal at ad et exlcd udesdt befcatubet ampboyment i 8 nn.
related’” to space.

An alternative approach to assessing the size an
20kPace 1 ogbwttrhye U. S. Depa(rDOnfe)mst e d folCoammseurcwee y
3,780 r e slp6a nddhetmr tersa niunf act uring and serv,ice segmen
including spacecraft and launch vehicles, c¢commun
equi pment , ®Thnids ssoufct oweagrmee t @ade r i n gf rtohne t2p0e0adr s

56 For example, NAICS 334511 includes manufacture of space guidance systems, but also the manufacture of nonspace
equipment such as aircraft airspeed measurement instruments.

57 For example, NAICS Surveying and Mapping Services (5413R)des imagery obtained by satellites, but the

larger part of the category is based on aerial photography.

58 U.S. Department of Commerce, Bureau of Industry and Sec&itg, 6 SDFH ,QGXVWU\ 3'HHS 'LYH  $VVHVVP
Employment in the U.S. Space IndustBake September 2014, pp. 1I9.
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2 0 1s2h,o wsso mae whhatger wadpPhRfdr7O®&eceempPployees in 611 c o mmce
that viewed themselves as Udependent on federal s

In addition to ¢ ®ffdedrecnitailf sepndpclebddp tBedd/t j obs in t h
governfe vt profidt or gaanndi ztaGt,iisvokp¥soatt ae s ot al of 3
wor kers de pernedleantte do hlp es opiagcpemssht r iswhkoawgse ar 1y 7% 1 n

empl oymemtp amti es dependenptr oognr acnosmmferrocth a2l 0 Os9p atcoe 2 0

c
48

Wages in the commercial space idbhestwvygrage bpghke
industry salary®iof S#ddHlL ®0®hf{tinctROIAYemploeypeiva
recedAwesr.age salaries vary witihwDEQHRromxabowtust
$92,000 in missile and vehicle propulsion (NAICS
vehicle rmanngu f(aNcAtIW®S 3364 14) .

Policyfbss€oengress

Three overarching i1issues will affect the devel op
industry is regulated bysodi newsexhPpodder alond godci a
regul atsicoenks ttohaitncrease U. S. space industry comp:
spectrum for satellite use

Regul atnidngMa n@gmmegr ci al Space

The commercial space induswirtthiosecegoberaeyd byt ded
The nfacjdoerr al agencies with commeasifadl spwse pol i

e )$HV 2IILFH RI &BRPPHHUFUDQVSRUWDRWERQIl aunches and ree
space vehicles, as well ,asi ntcheurdddunfgi ngaunch and
airc¢haafyt mi nt ea feeaer wytif'ocket launch.

e TheHSDUWPHQW Rla&R®PjbbpFaHc ¢ i nduFlie yNaetmtemalsts .
Oceanic and At mos ph e rlicensepabmniercialsimagingt i on ( NOAA)
satellites anditilizescommercial space capabilisidor improved weather forecasting
and environmental data collectifta n d a1l s oh @fvfeirSpaccd t
Commer cwelpr ohmot es t he U. S. ¢so nenceorncoi milc sgpraocwet hi n d t
and technol ogiP@GBudeamcefmehnd¢BISYy and Securi
administers aaxdpdifcermenthggl £, tierchmadeomngg css
i nducsotmmpyo e nt s .

59 Employment estimate is for 2012, with 611 of the 3,780 respondents saying they were dependent on federal space
related programs for their viability. Each company determined its own standard of dependency. Ibid.

60 |bid.
61 Space Foundatiofhe Space Repgr2016, p. 65.

621n 2015, the average U.S. private sector job paid $52,876, and the average U.S. manufacturing job paid $64,305.
Bureau of Labor StatisticQuarterly Census of Employment and Wages

63 Space FoundatiolThe Space Repqr2016, p. 66.

64 https://www.faa.gowdboutbffice_orgheadquarters_officesgtfegulations

65 http://www.noaanews.noaa.gstries2016magesNOAA%20Commercial%20Space%20Policy.pdf
66 http://www.space.commerce.gatbutmission

67 Most space technologies are covered by U.S. export control laws and regulations. Export Administration Regulations
(EAR) cover dualuse products that could be used for either commercial or military purpdigess/www.bis.doc.gov/
(continued...)
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1$6fprovides infrastructure and epacrtaotri ons s uppc
invest mkatndemes tasndt hortohsegr@ oametteirveciitaile sCr ew and
Cargo P%¥ograms

e 'HSDUWPHQWuRIi ' HIHZQVSH commer cial spacre systems a
nationapus p ochifcosathye Ai rp rFoowicdkes infrastructure,
operations support, and safimé¢ycioavlerldghechdorat
its 1 afAddi s itoharaolull@giense Fechnology Security
Administration (DTSA)it reviews and comments on applications for export
licenses, in conjunction with Department of State review.

e 'HSDUWPHQWOBBE®HWDMWHnsi bl e for the export and tem
defense art i—-eilnecsl vadnidn gs esrovmec ecso mmer ci al space c¢o
t h r o u lgtarnatiohafTraffic in Arms Regulation§lITAR).”

JHGHUDO &RPPXRRFDWALR@Y s es commadica aflr st eddiids
and determines placement “f satellites in geos

regwmlaantdormya nasa gemehtuire may fhequiomeneeclktange s pa
tryPgpreowse dnrmoer enatye ¢ p&k s ighoivlainteinets for 1 au
l1ites (siantce)lalflifitmags smp d ¢ ¢ af lyi g hntisn ifnogr t ouri st s
tions on asatnedt ¢ it dagxtpelanoded vtesheet tnl ofohnMa c s n 1 d

toommenteal FAA mam dpirfcaegnessegmintds safety reviews.
ress magdntednab kteogachs tpaabrlainselt eag mll eag a lo nb aosfi s
senger s afeamnsdpiarc es pacaef ffi wu andhshmtgieane ntt he curre
iosri odn aflsihlr i myg 1ied¢ kwepeann ileasu nacnhd ctohne U. S. govern
echneagse t he industry matures and more private

o= oo 0T O S B

~S T A—0 ©» = 4
m<® T O 00 VB ®O0 Ao
<

system for integrating commercial space
r concer nhefnlogan FAlAr ¢ €mtp tFeAnAh écdl,oswes air s pa
asisteequipmeonftt eonn bcoaanrndo ta itrrcarcakf tr ocket s a
ng at veSriyn chei glha usnpcehe dtsi.mes may vary from 1ini
sfpoarc ea |1 @em g sbpoathinmonde,r c i al aand omibki tdedpyed or
rerouted. The FAA alert system utiliaegspmaicl an
users .t Me number of maqc KFAtA mayndhese PpPpmessage to
air spaceThbosgrasy pltomatde iswetmeml erts to air
to minimize &ir traffic impact

In t h'eond #Me Rs ,h4a%4 preemosedfedechingommerghalof
spalce addition to making D DODghailaywad wdnidrie ceth a n ge s
NASA t o deyveealropplaan2 0t o 1 a,n dwasidtelqouniarueDstp oant Mans o f

® 350 >

~ o o

o
o

(...continued)

index.phpéboutbis.

68 https://www.nasa.goekplorationtommercialihdex.html

69 http://archive.defense.gdwdmefeatures20110111_nssslocsFact%20Sheet%20DoD%20Space%20Policy.pdf
0 http://www.dtsa. milBitePagesissessingndmanagingrisk/spacelaunchtechnology.aspx

"1 http://www.pmddtc.state.gonggulations_lawsar. html

72 https://www.fcc.govicensingdatabasebtensingandhttps://www.fcc.govapprovedspacestationlist.

73 Michael LopezAlegria, Former Astronaut and Vice Chairman, Commercial Space Transportation Advisory
Committee (COMSTAG)FAA Oversight of Commercial Space Transportgti®abcommittee on Aviation, House
Committee on Transportation and Infrastructure, June 22, 2016;6p. 5
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Transpowoteasad®Mbfisesb of Commersopioalt aSpaome alnd an Of
Spaceapmd ttaddlessoi gnate a |l eafdogowvpaanmetntt DBDfFieam cmmana ge
wouladiretcoteddkevel op a plarlded¢ onomidi aamtde regadator
acti,enblOSweoudaequired to begin developing an inte
reg. me

Export Controls

Spacecraft, ,agmrdo snodnes pnamtdi ggautes caome regul ated by t he
controlTheysaem comsa diats @ @sv,ddneavtchlpospeemda r i 1y for
commercial ohavpodossibparmobteDvsarmwgapphti €Coat doWsr er
space industrggprodadt®O8ene¢i wety bynsidered mun
many of thdmswgned specificaAlltyh ofuogehg ntihhet i enyopur
t s umbsepace pavdans §RAGPiend tthoe 19905, Congress 1 ¢
regulaauttohroPO®8 n 1998 after some satellite designs
Chiha.

DOS administration of export controls came unde:H
s parceel at ed TEhyeu i spanteenlta.si st eer ti enldourisgt erltypsri ohdgeesds t o a

l oss of salhes Azb oa piheAses d didt tsctleani ieAd At)hat t he U. S
of the ognmebracli al satelbbBi%t behorkete xhpolklt Loamr ol s
DOS o 3AMOGurvegnuofaftoundrshat manObrpoewved tha
contenpbded U. S. competitivene &%l ni 20tlBe iCmotnegrrneastsi
transferred export §8ddmtarfoell 1rietsepso msnidbDiOI€i] taiteesd fiotre
regolatri sales t.SAImbd satn da poatnhteard s& i t gso df mer o n

commerci al itemBPOS ha tapherretnwreel-égtt nmalersatellites
remot e ,isnetnesgirnagt e d pr opnd s pb a,s mtytortdbessf RO E%esd t o

I' A also has r atihsee d acuonncche rvnesh iacbloeutr e s trictions 1
echnology Control Regime ( MTCRAs which tegmuilame
ecomes a possibi-taist yi,macsoerdpeoi MT € RUrS8dewlxdort cont
f ftehdee v e 1 oopfmetnhti s ¢ o mmeirmcadladdiarcg ilviimhiyt ations on t
ould be usedristboopntoslpmbaoddipthiadn,s paacsepace tou
kaunched in one country and descends in another
subject to str%ct MTCR controls.

74 Department of State licensing program is through the International Traffic in Arms Regulation (ITAR).
75 The Department of Commerce administers Export Administration Regulations (E#RYh the Bureau of Industry
and Security.

“®“Before 1990, commerci al communications satellites and rel:
Munitions List (USML). For more information on the U.S. export control system and regulation ofesatellit related

equipment, se€ERS Report R41916/KH 8 6 ([SRUW &RQWURO 6\VWHP DQGbwadtlH. S UHVLGHQWTV
Fergusson and Paul K. Kep. 19.

"David Mel ¢ he SpaceNa&wsOcthberL®, 20k6)tt{://www.spacenewsmag.com

78 Bureau of Industry and Security, Department of Commece 6 SDFH ,QGXVWU\ 3'HHS 'LYH  $VVHVVPHQ
U.S. Export Controls on the Space Industrial B&&bruary 2014, p. 14.

79 National Defense Authorization Act of 201B,L. 112239, satellites exports remain prohibited to China, North

Korea, and countries designated adessponsors of terrorism (currently Iran, Sudan, and Syria).

80 Aerospace Industries Association and Satellite Industry Association, industry analysis submitted to Department of

State Satellite Export Control Priorities2015.

81CRS conversationwithstaf o f Aerospace Industries Association, Novembe
(continued...)
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Spectrum Allocation

The satel®iist ec oinncdsuvhsaterdfyn glea tt faofrn t vmiamedlse ss 5 G us e
s ome o frcethrircehnt 1y used solelgodbd sascpdidditze ttrha
reliabil-df fiveeantreid sc wsft®t heir serviece

For decades, satellites have communheated on ded
International Tel & d&hixhneu nsipceactii foincs bUannido nus(ed by a

its pPtFropro seex.ampl e, Jtohwe rI8fidleafmcdasnei ast affected b
heavy rainfaldsaéddopreal ihegfemsn also simultanec
arcasghbdbhtkhue and Ka baneé&d eadiir®iwswaanddt fidnargg a s er vices
Satellitteos tarnaensspmfictk ffinenmdc x annot befrepfPbgnnanmmed

The OAdmmani stration directed toludbdF @G etdo tiod extpiafy
Wi-F 8 e r viinc etshe Tatadéress that goal, FCC and the N

Information Administration (MWIfA)s pceou iltfimbbolreat e d i
wireless broadbandr aicdomiGne¢ eudicsn g PSoanle mdbitlhe pr c
spectrum was obtaqueundc bgs shpr ¢ ingloeiddSilectdHze db a n d
satetlrlaintsem® s si ons .

The satellite industrys peexcptrrquany ¢ d card manddiyn t diee 2 8s K
contendciunrgr etnhtats atell ite services could be under
how future 5G services will be used:

[S]atellites are providing vital services to all Americans using spectrum bands above 24

GHz . Sat el 1 ioinetemultipdint video and ather higlp bandwidth services

more efficiently and more cost effectivelythanany her technol ogy.” In addit:i
throughput satellites are bringing competitive broadband services to all of the United

States. Satellites € provide advanced services to ships, aircrafts and motor vehicles

Consideration of repurposing spectrum access from existing users with a supporting

record would result in the loss of critical services to U.S. consumers, and to vital

enterprise usersuch as first responders and the U.S. militéry.

(...continued)

Satellite Export Regs Remai iBpaseNéwsebsuary 732014pn for European In
http://spacenews.coB®414ussatelliteexportregsremaina-frustrationfor-europearindustry/

82 _etter from Tom Stroup, President, Satellitdustry Association, to Marlene Dortch, Secretary, Federal
Communications Commission, October 5, 2 0 I-t2rm soMionforc a Al 1 e ven
28 GHz sFiereeWViretegsApril 29, 2016.

83 The commercial space industry istiaione in arguing against spectrum sharing; other industries, including nascent

autonomous motor vehicles, railroads, and federal weather satellite services, have made similar arguments to the FCC.

84 Satellite frequency bands range from 1,467 gigah&ttizj to 30 GHz. EMEA Satellite Operators Association
(ESOA), Satellite Spectrunviewed November 4, 2016itps://www.esoa.netpectrumgatellitespectrum.asp

85 bid.

86 Department oCommercePlan and Timetable to Make Available 500 Megahertz of Spectrum for Wireless

Broadband October 2010, p. ihttps://www.ntia.doc.gofiles/ntia/publicatonstenyearplan_11152010.pdf

8%Federal Communications Commission, Fé&dbral Registd798947y3945f r um Band s
November 14, 2016ttps://www.gpo.gokfidsyspkg/FR-201611-14/pdf/201625765.pdf

88 _etter from Tom Stroup, President, Satellite Industry Association, to Federal Communications Commission,
February 18, 2015:ttp://www.sia.orghp-contentiiploads201502/
SIA_Reply_Comments_Spectrum_Frontiers_2015_02_18.pdf
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The FCC cont endisn tihtast Jiubky radpopk oaarcthh1i agce bet ween

services and satellite operations and that the s
“ensure stehavwsd edidvedi ng ffeeddeerraall ,a nsda tneolnl i t e and ter
and mecbainteexk bst a.n®Thex FaCrlCd al s o not &ddu etlhiantg t her e h
st u'dfireoom affecadmwsdlaimModidtdt ciomd i nue to study the 1is

adjustment® if necessary.

There has been congrssaconsltiasewesh tagahd FEC
H. R. (41" 6ngrweosusl)}d direct the FCC to preserve pri:ri
t 2e7-28 BHbaddr satelPThhe RP@Eriast oarlss.o evaluating a
Li g&Ndo wos ks gclodmintueni cations company d6é6Gel oping a
ser fiowlearing-l1 68O bHaeardad BOECht NOAAintrd KRdreceAer ospace
InduesAs s ochaveoaxpretshatd tchhinc eshmr ghg antenfementw

GPS sngudalthe emergency rtrespohns en sheacfiteolrgsn dt hsaetc urrei
on them.

8YFederal Communications Commission, “FCC Takes Steps to Fa

WirelessTe hnol ogies in Spectrum Above htpgd/agpdifec.gdetopsrpablicd r el eas e,
attachmatcidOC-340301A1.pdfGN Docket No. 14177.

T ohn C. Rathnehe FWC’ s 5G Spdbamndu B a@ldeombsiaMedulyi2®, 2016 r Ka
91 H.R. 4945 American Space Renaissance Act. The comprehensive legislation was tefseeeral committees.

92 The Commander of the Air Force Space Command mentioned his concern during a March 15, 2016, hearing by the

House Subcommittee on Strategic Forces. Letter from Ali Bahrami, Vice President, Civil Aviation, Aerospace

Industries Assdaation, to Federal Communications Commission, June 21, 2®p&;//ecfsapi.fcc.gofile/
10621054184368igad0o%20%201B%20Docket%20N020%20RM11681_AIAFINAL.pdf; Dee Ann Divi s, “FC

OpensGPRAdj acent Ligado P inside GNSS NewMayrl, 2016, phitp:/mww.insidegnss.com/
node4933
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AppendixA.Sat e bl beanpari s on

Figure A -1.Types of Satellites Based on Mass, Compared to Earth

-Bound Objects
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